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A. .. SINGLE CRYSTAL 

B. .. PLASTIC DEFORMATION 

C. INTRODUCTION OF DISLOCATIONS 

D. .. HEAT TREATMENT 

E. ..ARRANGEMENT OF DISLOCATIONS INTO STRAIGHT LINE FORM 

(57) Abstract: A single crystal material of a ceramic or a metal having high density dislocations arranged one-dimensionally in the 
form of a straight line; a functional device using said single crystal material; and methods for preparing them. The above single 
crystal material is prepared by compressing a single crystal material of a ceramic or a metal from the azimuth of the movement of a 
single slip at a high temperature, to thereby produce the plastic deformation thereof and introduce high density dislocations into the 
interior thereof, and then subjecting the resulting material to a heat treatment, to thereby arrange the dislocations one-dimensionally 
in the form of a straight line. The above material can be used as a device for the high speed pipe diffusion of an ion or an electron. 
Further, a single crystal device exhibiting exceptional electroconductivity or a quantum wire device can be formed by allowing a 
metal element to diffuse along the dislocations from the surface of the above single crystal material, and a thin film device such as 
a molecular sieve film or a carbon dioxide separating film can be prepared by forming nano-holes along high density dislocations 
though annealing or chemical etching. 



BEST AVAILABLE COP" 



WO 03/089698 Al IIIHIIIIlllllDnillllllllllllllDII 



(57) 



WO 03/089698 



PCT/JP03/05062 



1 

m m « 

£ fc @ ^M^^H'tt^^i- 3 r £ ft «fc o T?£f& £ 3 „ *m 4« ^>^{i^^ 



WO 03/089698 



PCT/JP03/05062 



2 

WWJCffi 1 WmW- 5-218391 
¥ff?JCfflt 2 ftmW- 11-26888 ^AW. 

HDfcJLfcEWSltS r i tfST*#, r (^^ife^fijffl UT«|g^-f ^Sr»f^-e# 6 
*t*^t?*) N #3§BJ3tes &J1 0 i o 14 /cm 2 OiltoW- tfonfc: 

tt, #3891 M\ 1 0 6j^£> l 0 14 /cm 2 0^a^^>^i^-^7G^iiLj^ 



WO 03/089698 



PCT/JP03/05062 



i tfcfci *>m l o 6 a>£> l 0 14 /cm 2 oit5*ltlcEJI$milJ!ifi^ft5i 

i-5^fit^6>flttt— ®tt (Brittle-Ductile Transition Temperature, BDTT) 



WO 03/089698 



PCT/JP03/05062 



4 

^^^fc^^^i^-rm^m. ^20 (b) r±x mo^m^msr^^ 

^6 in (a) mmmi(Dm^mm(D^m{^^'i'mmi-tmm^mi L mum 
1 5 ^x*$> v „ ( b ) ti^asio^^flEffi&^-rBiBB^aa*^*^ 

9Jf"e*,5 0 »7BI (a) tt, x^;^-^ffflX«|^ (EDS) ftS^-fBI 
ffiftffl¥KT*fe«9, S&7EI (b) Jg7|H (a) OA^^feilfcEDS^ 
^h^EI-Cfe^, Jg7EI (c) f± % fg7El (a) ©B^b^bfrfcED 
b^ElT'fcSo 





WO 03/089698 



PCT/JP03/05062 



5 mm-m&. (bdtt) &±<Dm.mfrhm&&MittW(vM&&&*x(DmM&^5 0 

:oWlftM(!:ii7;V^Oi^(t 1 0 5 0°C^b 2 0 4 0°C, *?fV 
ra^T®*^* 6 5 0 o Ca>£> 2 500t, "T^VTOi^tt^ 2 O 0°C^6> 

SfctK ^3=7©»^I4 (0 0 1) T/V^Oit^te (00 0 1) ffiT* 

m5HI (a) te, Zfc^iS&^==T^i|$S©JEEI6^»0«S;H"Tfife53&^ r<^> 
#£W:JE|g«l«T [112] i LT*5*K (0 0 1) jgt 3 5° (Dftm 



l~50 %SSift5i 5 fclM£*im 1 SrJESI L 



WO 03/089698 



PCT/JP03/05062 



6 

m*r, £b\cm*&m*®mtote&czitfim.xmm : f$rr5t, mim (c) 

HT/^^^-<7)m^fi8 8 Ot.BA_L, ^;l/a = 70i^iil 1 0 O^Jt, 

15 &X%Zo fc*5. ^V^t5:^fitef4S^^:fp v o^:M■?(7)fe^^^^v^5o frtfc 

tx\ i^^^V7 p t£tS:^v^5o 
#2g| (a) te N ¥^M^^*& z F4(^rt^CT^$^fc^I^^r2^ 

i-m^lSs ^2m (b) f* N f&^j^7om5^ifem^ajc«fc«9^j^teffi^#^$ 
?x<Dmk£kk&Miz.ik&ys&'D< e>j&v^jn % y ? atomic x-^it^T 

*0>T^->'^j6S2ffiF«TO^JR % Vtir^fis Ti N Ni, Ag, Cu, Fe. Zn, Mg, Be 



WO 03/089698 



PCT/JP03/05062 



7 



WO 03/089698 PCT/JP03/05062 

8 

ofc^^^tt 6 ^ t xh tixmmz o tz. *-/Ml& 

$e>^s mm^mm<Dfrttxi-y*--jU7 £ ;<'{x%m^z>z t&x%z> 0 m 

(Ht6« l ) 

(a) (C^^^^^i-J; p tC N «5mmX 5 mmX 1 Omm 



WO 03/089698 PCT/JP03/05062 

9 

^0. 0 0 5mm/min-m, ^l"^ 1 ?®^ (0 0 1) ffiO^tffi^fft 

©M*5 5ii:u 1 3 o o°cx*mm^ i%m^M^ft (t>-r^ 
a £ = 8 . 3xio- 6 ) 0 ^-r-<«9^[Rj^ ciio] . &mjjfaft [112] 

T*fc6 0 ^(Om, Hm*± 3 0 0°CT*1. 5B#P^*0!3Lfc o ff^^S&SK 
£9^A£axfc^i|tete£$iS5|II (b) ^m^^i"o 

itJ^fjfcteSrStlA Ufc^3 ^T^&Sr^FIi L/ciH' ^^v^^ (ion thi 
nning) LT^tfteU bfc 0 ^ 6 HI (a) 

0 9 /cm 2 tifeofc 0 

1300 'c-wr i 3 %, i o <t o \zm.&9m bfciw© 

[110] ^^^^^-^^^3 0 0^6)6 4 2 e C(Dii.^fflt?S!l^bfc„ 




WO 03/089698 PCT/JP03/05062 

10 





1% 


396 


10% 


300 


+1.35 


-3.93 


+0.62 


301 


+3.17 


-2.90 


+1.85 


354 


+0.99 


-0.44 


+3.68 


406 


+3.12 


+3.01 


+6.87 


456 


+3.16 


+4.84 


+8.01 


504 


+2.87 


+5.34 


+8.19 


551 


+2.55 


+6.72 


+8.52 


597 


+3.10 


+7.46 


+9.14 


642 


+2.56 


+7.51 


+8.14 


Ea 


+0.09 


+1.34 


+0.90 • 



'&<Dfftn<DmmmtiLm± (rb) tmmmm^h2 0nmmtLtz.mm (ra) <d 

^^/^-MIXI^ (EDS) frT?&5 0 (b) te. RAO^Ff^ 

20 bi^fcEDS^ b^K 07IU (c) f£ x RB^itJ:^f,#^fcE 



WO 03/089698 



PCT/JP03/05062 



11 



2 0 



WO 03/089698 



PCT/JP03/05062 



12 

i m 3fc <o e m 

1. 10 6 ^l 0 iVcm»Oil5**©tstt*- ^TC^E^i^F^^^Sa^J^ 
itfc-fe 7 ^ y * * * fc te^S 0>¥&riS&tm. 

3. Itluf&ot, 4£1fttJ:«fc«3 106^bl0iVcm 2 ©lMcE^J$*fc 



WO 03/089698 PCT/JP03/05062 

13 



1 0 



1 5 



2 o 



WO 03/089698 PCT/JP03/05062 



1/4 




WO 03/089698 



PCT/JP03/05062 




20nm 



(b) 



200 



100- 











Al 




° 













200 



100 




Al 



6 

(kV) 



Ti — 3~5at% 



\ 



4 



(kV) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP03/05062 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C30B29/16, C30B33/00, H01L29/06 




According to International Patent Classification (IPQ or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 C30B1/00-35/00, H01L29/06 


Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1926-1996 Toroku Jitsuyo Shinan Koho 1994-2003 
Kbkai Jitsuyo Shinan Koho 1971-2003 Jitsuyo Shinan Toroku Koho 1996-2003 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
CAS ONLINE, JSTPlus 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X 
A 


Atsunori NAKAMURA et al . , "Asshuku Henkei Sareta 
a-Al 2 0 3 Tankessho no Ten'i Soshiki" , Tokyo Daigaku 
Kogakubu Sogo Shikensho Nenpo, Oct. 2000, Vol. 59, 
pages 159 to 164, 2 . experimental method, page 161, 
right column, lines 17 to 25 


1,5 
2-4,6-7 


X 
A 


Atsunori NAKAMURA et al., "Sapphire ni Okeru basal 
Ten'i no HRTEM Kansatsu to Suberi Kyodo Kaiseki", 
Nihon Ceramics Kyokai, Dai 20 Kai Koon Zairyo Kiso 
Toronkai Koen Yoshishu, 25 October, 2001 (25.10. 
01), pages 48 to 50, full text 


1,5 
2-4, 6-7 


| [ Further documents are listed in the continuation of Box C. 


| | See patent family annex. 




* Special categories of cited documents: 

"A" document defining the general state of the art which is not 

considered to be of particular relevance 
W E" earlier document but published on or after the international riling 

date 

U L" document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but later 
than the priority date'claimed 


T later document published after the international filing date or 
priority date and not in conflict with the application but cited to 
understand the principle or theory underlying the invention 

"X" document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

T document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the art 
document member of the same patent family 


Date of the actual completion of the international search 
06 June, 2003 (06.06.03) 


Date of mailing of the international search report 
24 June, 2003 (24.06.03) 


Name and mailing address of the ISA/ 

Japanese Patent Office 


Authorized officer 




Facsimile No. 


Telephone No. 





Form PCT/ISA/210 (second sheet) (July 1998) 



mmm&-% PCT/JP03/05062 



a. &m<om-rz>ftm<v&m (mmm&& (ipo ) 

Int. CL ' C30B29/16, C30B33/00, H01L29/06 



w*f^fc*/hpsw» mwtm&m. (ipo) 

Int. CI. 7 C3 OB 1/0 0-3 5/0 0, HO 1 L2 9/0 6 



B*B?tft§r£&«t 1 926-1 996f 

B*H<2:l8llffiST^# 1 971-2003f 

B*Hg^#y8$r3&&$& 1 994-2003^ 

a*mnmmm£&£:n 1996-2003^ 



CAS ONLINE, JSTPlus 



C. 



X 
A 



X 
A 



jL^um-B-nmrn^m, Oct. 2000, voi.59, PP . 159-164 



tptfMW fife, ^r4Ti^if^>basam^L<DmTBm.^tir^<V) 
B&, 2001.10.25, PP . 48-50 



1.5 
2-4, 6-7 



1,5 
2-4, 6-7 



TEj ffl|^ffl®Bl?fl©ffi®lfefcte#f?-T?;fe5;a^ PBHEttiKB 

roj piicj;5i^ mm. m^m^R-t^xm 



r&j p-/-?fyh7 7 5 y-3tft 



0 6. 0 6. 0 3 



24.06.03 



B*H#lT/r (ISA/JP) 
100-8915 



4G 



2 9 2 7 



03-3581-1101 F*9$| 3 4 16 



iSPCT/ISA/2 10 (12^) (1 998f 7^) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
J3 FADED TEXT OR DRAWING 

U BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



